Introduction Evidence from low-income and middleincome countries suggests that migration status has an impact on health. However, little is known about the effect that migration status has on morbidity in sub-Saharan Africa. The aim of this study is to investigate the association between migration status and hypertension and diabetes and to assess whether the association was modified by demographic and socioeconomic characteristics. Methods A Quality ofLife survey conducted in 2015 collected data on migration status and morbidity from a sample of 28 007 adults in 508 administrative wards in Gauteng province (GP). Migration status was divided into three groups: non-migrant if born in Gauteng province, internal migrant if born in other South African provinces, and external migrant if born outside of South Africa. Diabetes and hypertension were defined based on self-reported clinical diagnosis. We applied a recently developed original, stepwise-multilevel logistic regression of discriminatory accuracy to investigate the association between migration status and hypertension and diabetes. Potential effect modification by age, sex, race, socioeconomic status (SES) and ward-level deprivation on the association between migration status and morbidities was tested. results Migrants have lower prevalence of diabetes and hypertension. In multilevel models, migrants had lower odds of reporting hypertension than internal migrants (OR=0.86; 95% CI 0.78 to 0.95) and external migrant (OR=0.60; 95% CI 0.49 to 0.75). Being a migrant was also associated with lower diabetes prevalence than being an internal migrant (OR=0.84; 95% CI 0.75 to 0.94) and external migrant (OR=0.53; 95% CI 0.41 to 0.68). Age, race and SES were significant effect modifiers of the association between migration status and morbidities. There was also substantial residual between-ward variance in hypertension and diabetes with median OR of 1.61 and 1.24, respectively. Conclusions Migration status is associated with prevalence of two non-communicable conditions. The association was modified by age, race and SES. Ward-level effects also explain differences in association.
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IntroduCtIon
Migration status is one of the important socioeconomic determinants of health. 1 Migration is also associated with profound social, economic and cultural changes, which may affect the migrant's health. 2 Post the year 2005, more than 62% of the South African population were living in urban areas, with the rapid urbanisation being attributed to migration. 3 4 The rapid urbanisation and increase in the urban poor in metropolitan areas of Gauteng province (GP), South Africa has become a major public health concern due to its linkage with increased disease burden. 5 6 Migrants are heterogeneous both in their origin status and migration histories. Gauteng province attracts both internal and external migrants. 3 4 Several studies on migration and morbidities have been done worldwide. 1 2 7 Morbidities often present with low functioning level, poorer quality of life, increased healthcare utilisation and mortality strengths and limitations of this study ► The study population is part of a provincial representative sample on quality of life of adult residents in Gauteng province (GP). ► The association between migration and health was analysed by applying, stepwise-multilevel logistic regression of discriminatory accuracy. ► Migrants (both internal and external) had lower odds of both hypertension and diabetes than people born in Gauteng province. ► Effect of migration status on health differed by age, race and socioeconomic status (SES). ► However, residual confounding is possible due to data availability.
Open access rates. 7 The age standardised global prevalence of diabetes has nearly doubled since 1980, from 4.7% to 8.5% in the adult population in 2014. 8 In 2010, 31% of the global adult population had hypertension. 9 The first South African National Health and Nutrition Examination Survey (SANHANES) reported the prevalence of 19.4% and 25.7% for diabetes and hypertension respectively in Gauteng province. 10 However, information on the prevalence of these morbidities among different migrant status in South Africa is scanty. The prevalence of diabetes and hypertension in Gauteng province is high. Gauteng provides is home to many migrants. Therefore, a better understanding of the differences in morbidities according to different migration status is needed to target high risk groups in provision of services and to arrest the growing burden of certain diseases.
study objeCtIves
The study aims to: ► Investigate the association between diabetes, hypertension and migration status in Gauteng province, South Africa. ► To assess whether the association was modified by demographic and socioeconomic characteristics.
Methods study setting
Gauteng is the province with the largest population, estimated to be 12 272 263, despite having the smallest area; thus, it has the highest population density in South Africa of 675 people per km 2 . 11 According to data from 12 Gauteng province accounted for the highest concentration of international and internal migrants in South Africa, approximately 7.4% and 44%, respectively. 12 The study population consists of all people residing permanently in Gauteng province who were aged 18 or older in 2015.
data sources
We used data from the fourth Quality of Life (QoL) Survey conducted by Gauteng City Region Observatory (GCRO) in Gauteng province in 2015. The QoL survey has been conducted every 2 years since 2009 with the intention of providing up-to-date information on 'a fast growing and dynamic urban region' to support 'better planning and management, and improved co-operative government relations'. 13 The QoL survey measured a wide range of variables including sociodemographic variables, migration status and self-reported health status from a sample of 28 007 adults in 508 administrative wards in Gauteng province. The data on ward-level migrant African population, African population, migrant Southern African Development Community (SADC) population, employed population, no income population, deprivation index (sampi) and average household size was obtained from Statistics South Africa (StatsSA).
survey design
Simple random sampling was employed to select the respondents. Gauteng province consists of 10 municipalities and it is subdivided into 508 wards. Within these wards, there are small area levels (SALs) which were derived from the Population Census Enumerator Area polygons. SAL codes and geography were derived from the StatsSA Census 2011 report. The simple random sampling method was used to select the SALs from each ward, and then the minimum numbers of interviews for each ward were 30 and 60 interviews for those falling in district municipalities and metropolitan municipalities, respectively. The end result was that across the 508 wards, 28 456 successful interviews were completed, and these interviews were distributed across 16 400 SALs out of a total of 17 840 SALs. The 'NEXT' birthday method was used to select the respondents from the selected households. Data were collected via a digital data collection instrument using an open source system called Formhub and administered on a tablet device. Questionnaires were administered in the field and uploaded using internet connectivity to a cloud server from where they could be accessed and downloaded online.
Patient and public involvement
The development of the research questions and outcome measures were not informed by patients' priority experiences and preferences. Patients were not involved in the design of this study. Patients were not involved in the recruitment and conduct of the study.
outcome and independent variables
The main outcomes were hypertension and diabetes. The information on disease status, such as diabetes, hypertension, HIV, tuberculosis, influenza, and others, was collected in the QoL survey by asking question: "In the past 12 months, have you been told by health provider that you have one or more of the following conditions". The morbidities were binary variables measuring the presence of the different morbidities, coded as 1 (or 'Yes') if the respondents self-reported the morbidity and as 0 (or 'No') if the respondent did not report the presence of a given morbidity.
Migration status was derived from the following QoL survey questions: (i) Were you born in Gauteng province or did you move into Gauteng province from another province or country?; (ii) When (year) did you move into Gauteng province?; (iii) Did you move to Gauteng province from a province in South Africa or from another country?; (iv) From which province did you move from into Gauteng province?; and (v) Which country did you move into Gauteng province from? Migration status then was divided into three groups: non-migrant, internal migrant and external migrant. The explanatory variables included sex, age, race, education, employment status, dwelling, total household income, grow own vegetables, medical aid, physical activity, household size, household food security and socioeconomic status quintile. Information collected included demographic and socioeconomic variables: sex (female, male); age (18 years and above); race (African, Coloured, Indian/Asian, White and Other); education was categorised into 'no formal education', grades R-7 'primary only', grades 8-11 'secondary incomplete', 'matric' grade 12 'more' tertiary and above and 'unspecified' for those who didn't specify; employment status (employed, unemployed and other). Dwelling (formal, informal and other); total household income was categorised into 'lower class income' (<6400 Rand (ZAR) per month), 'middle class income' (R6400-R51 200 per month) and 'upper class income' (>R51 200 per month); grow own vegetables (do not grow own vegetables and grow their own vegetables); medical insurance was categorised into 'medical insurance' for respondents with either medical aid or a hospital plan and 'no medical insurance' for respondents without any of these; physical activity (never, hardly ever, few times a month, few times a week and everyday); household size (1-3, 4-6 and 7+); household food security (never, seldom, sometimes, often and always) and socioeconomic status quintile (richest, second, third, fourth and poorest). The ward level variables included migrant African population, African population, migrant SADC population, employed population, no income population, sampi and household of less than three.
Analysis
Descriptive analysis was performed to describe the migration status of the community by sociodemographic characteristics of study respondents using proportions. The prevalence of morbidities in Gauteng province, South Africa was estimated using proportions and presented as percentages with 95% CIs. Prevalence of morbidities was stratified by age, sex and migration status.
In the present analysis the data used was in multilevel structure as the respondents were within administrative wards. 14 We applied a recently developed original, stepwise-multilevel logistic regression of discriminatory accuracy to investigate the effect of migration status. We fitted separate models for effect of migration status on diabetes and hypertension, respectively. Four progressively adjusted multilevel models were carried out: model 0 with no covariates; model 1 including only sociodemographic characteristics at the individual level; model 2 additionally analysing municipal deprivation as contextual variable and model 3 is the full adjusted model. The models were adjusted for years in GP, age, sex, race, dwelling, education level, household size, household head, physical activity, medical aid, grow own vegetables, household food security, sampi, year moved to GP and socioeconomic status quintile. Potential effect modification by age, sex, race, socioeconomic status (SES) and sampi was tested.
These variables were selected because they are strongly linked to migration status. There is evidence that migration is associated with age. 12 The hypothesis is that effect of migration will be modified by age where young age will have protective effect hypertension and diabetes. There are also differential migration patterns by race and SES. In South Africa, race and SES are also strongly correlated. 3 4 12 The other variables were treated as potential confounders.
To take account of the hierarchical data structure (level 1: individuals; level 2: administrative wards), an intraclass correlation coefficient (ICC) and ward-level variances were reported for every model and for reasons of better interpretability, ward-level variances were converted into median ORs by applying the formula of Merlo et al. 14 15 Open access Multilevel logistic regression analyses with administrative wards as random intercepts were performed calculating ORs with their 95% CIs. ORs were plotted using the user-written coefplot Stata command. 16 All analysis was performed using Stata V. 13 .
results
Most respondents were non-migrants 18 027 (64%) and the external migrants constituted only 8% of the total respondents. Of the total study population of 28 007 respondents 14 966 (53%) were female (table 1). The majority of the respondents were aged between 18 and 27 years and were African 22 560 (81%). Most respondents 9152 (33%) had matric level of education and only 443 (1.6%) had no formal education. Close to half of the respondents were employed 13 582 (49%). The majority of the respondents stayed in formal dwellings 24 043 (86%). A large proportion of the respondents fall under the lower income bracket based on their total house hold income 13 015 (71%) lower class was defined in this study as families with a total household income of less than R6400 per month while 2.3% fall under the upper class (upper class is a family with an income more than R51 200). Few respondents reported growing their own vegetables 3480 (12%).
Prevalent morbidities in Gauteng province
The overall prevalence of hypertension and diabetes was 15.5% (95% CI 15.1 to 15.9), 11.2% (95% CI 10.8 to 11.6), respectively (table 2) . The prevalence of hypertension and diabetes was higher among non-migrants.
effect of migration status on hypertension and diabetes
The effect of migration status on hypertension and diabetes based on analysis of multilevel logistic regression models is presented in table 3. Three models were fitted, the first model only included the individual or household factors, the second model included ward factors and the final model included all factors. Compared with non-migrants, internal migrants and external migrants in the final model had reduced odds of self-reporting hypertension with the OR of 0.86 (95% CI 0.78 to 0.95) and 0.60 (95% CI 0.49 to 0.75), respectively. Being a migrant was also associated with lower risk of diabetes with OR of 0.84 (95% CI 0.75 to 0.94) and 0.53 (95% CI 0.41 to 0.68).
While there was a reduction in the variance between the null and full models and ICC vary for both outcomes.
There was substantial residual between-ward variance in hypertension and diabetes with median OR of 1.31 and 1.14, respectively as presented in the final model. To further assess effect modification of age, race and SES, we ran grade-stratified analysis. The association between migration status and hypertension is significantly modified by race. For Africans, migration status (both internal and external) was associated with lower odds of hypertension, while internal and external Asian migrants have higher odds of hypertension. From the interaction assessment between migration status and race, age group and socioeconomic status, respectively were found to be effect modifiers for hypertension ( figure 1) and diabetes (figure 2) .
dIsCussIon
The findings from this study provide important information on migration status and the prevalence of morbidities among residents of 508 administrative wards in Gauteng province from a population-based survey. The study indicates that migration status is associated with prevalence of hypertension and diabetes. Internal and external migrants had lower odds of both hypertension and diabetes than people born in Gauteng province. Age, race and SES of the respondents were significant effect modifiers of the association between migration status and morbidities. The major strength of this study is that it assesses prevalence of morbidities and predictors of the most prevalent morbidities from a large population-based survey. The potential of the study was maximised and included the vulnerable population like migrants. The migrants made up 36% of the total respondents.
The most prevalent morbidities in Gauteng province were hypertension and diabetes at 15,5% and 11.2%, respectively. The prevalence of diabetes in South Africa is increasing rapidly. 1718 It was approximately 9% among those aged 30 years and older. 18 Based on the population census the prevalence of diabetes was around 9% according to the International Diabetes Federation. 19 20 Hypertension was found to be around 14.0% for those aged 25 and older. 21 SANHANES reported slightly higher prevalence of diabetes (19.4%) and hypertension (25.7%). 10 Hypertension and diabetes were higher Open access Open access among non-migrants. The migrant population is believed to keep increasing in different countries; their heterogeneity becomes apparent with respect to the differences in the prevalence of diseases. 7 Prevalence is likely to increase therefore, these findings can be used to inform future policy, planning and funding allocation to assist in controlling as well as managing different conditions. 22 Migration status was associated with prevalence of hypertension and diabetes in Gauteng province. Non-communicable diseases are the most common health problem and are the primary cause of death in many countries. 23 Research revealed that compared with native-born respondents, migrants reported better health. 24 This could be attributed to healthy migration effect, healthier individuals are more likely to migrate. This is consistent with our findings, migrants reported lower prevalence of diabetes and hypertension. Reasons for migration were not included in the questionnaire administered in the primary study; these might have a bearing on the prevalence of hypertension and diabetes among migrants in Gauteng province. Effect of migration status on health differed by age group, race and socioeconomic status. Migrants might find themselves in a worse socioeconomic status, with less access to healthcare services, and experiencing greater linguistic and cultural barriers related to accessing health information, despite the conditions they tend to have better health profiles compared with the natives. 25 A number of studies have shown that this health advantage deteriorates over time and with successive generations. 24 26 27 There is a lack of studies on morbidity among migrants compared with natives. 7 This study clearly demonstrates a need for more research on migration and different morbidities.
strengths and limitations
This study contributes to the knowledge on migration status and morbidities in Gauteng province, South Africa. Assessment of predicts for the most prevalent morbidities was done from a very large population based representative sample survey. Therefore, the power of the study to detect significant associations was maximised. The respondents were selected by random sampling thus both internal and external validity of the study were improved. The study included the migrant population and little research has been done on the morbidities affecting this subpopulation. A wide variety of sociodemographic factors were employed to assess their association with the two most prevalent morbidities.
The morbidities were self-reported thus prevalence might be underestimated. Self-reported data can be biassed by differential access to healthcare services between groups of different socioeconomic status. 28 When self-reported information was compared with medical records or clinical measurements from health examination surveys in Colorado, Netherlands and 12 countries in Europe, self-reported information underestimated the prevalence of hypertension. 29 30 It is worth noting that the results from these studies may not be valid for the South African context. This calls for more research on migration status and morbidities, as well as validity studies of self-reported morbidities in the South African setting.
Missing data of some important health-related information, might have resulted in residual confounding because of unmeasured potential confounders.
ConClusIon
Migration status is associated with the prevalence of hypertension and diabetes in Gauteng province. From the public health perspective, it is important to evaluate the prevalence of morbidities because the information can inform the development of prevention programme on a community level. 
